Introduction to the Theme Issue on Experiments and Laboratories in Physics Education
Experimental research is a fundamental way to inquire about the laws of nature. We hypothesize and deliberate about natural phenomena, but ultimately it is through experimentation that we find out whether our ideas are right or wrong. As we construct models of experimental observations, we often find that they are incomplete or incorrect. Our model might be too simple, the effect that we ignored might be more important than we thought, or perhaps our apparatus measures something different. Sometimes we find new phenomena that we did not expect. Experimentation is about trial and error, matching our model constructs with nature, nuts and bolts and finding leaks, and most importantly about discovery. Wonderful new phenomena are uncovered all the time, and the more we search, the more we find how much more there is to search.
Experimental investigations and theoretical and computational modeling go hand in hand. Sometimes findings from models can inspire experimental investigation, and sometimes experimental findings can spur the development of new theories. For example, Bose-Einstein condensation ͑BEC͒ was predicted theoretically in 1924-1925. It was not until 1938 that the first manifestations of BEC were observed in superfluid helium-4. The first "pure" Bose-Einstein condensate was created much later in 1995 using a gas of rubidium atoms cooled to 170 nanokelvin. In contrast, the serendipitous discovery of superconductivity by Heike Kamerlingh Onnes in 1911 launched a frenzy of theoretical investigations to understand how a metal could abruptly lose all resistance below a certain temperature. Einstein and Heisenberg proposed unsuccessful theoretical models because they were mislead by the role of lattice vibrations in the superconducting state. It was another experiment on different isotopes of an element that ultimately lead to the Bardeen-Cooper-Schrieffer ͑BCS͒ theory in 1957. The BCS theory explained all of the experimental features of the conventional superconductors. Currently, there is a large theoretical effort to understand the origin of high-temperature superconductivity, which was discovered experimentally more than two decades ago.
How do we teach experimentation to students? How do we teach them about the scientific process? How do we provide them guidance and support to design and implement experiments to explore how physical principles manifest themselves in different situations? How do we teach discovery? Moreover, we want to teach procedure and process: methodical deductions, group deliberations, experimental skills, programming, and error analysis to name a few. Introductory labs, advanced labs, and capstone projects are all part of our goal to teach experimental physics. We should question the effectiveness of our long-standing teaching methods. Innovation in the way we teach experimentation might involve the way we introduce experiments to students and our expectations of what they should learn from them. It is important to assess whether we have reached our goals, and we should think of criteria for evaluating the success of laboratory instruction that is measurable and objective.
Cookbook type laboratory courses can be uninspiring and can diminish students' interest in pursuing further studies in experimental physics. In contrast, undergraduate research experience that provides an opportunity to explore physical phenomena can motivate students to pursue a career in experimental physics. It is important to close the gap between experience in a laboratory course and experimental research. If laboratory courses are developed, evaluated and refined based on feedback on their impact on students' content knowledge, relevant skills and attitudes, they can provide a valuable opportunity similar to research experience. The transformation of a typical laboratory course would require agreeing about the goals of the lab and providing students an opportunity to explore, plan, and conduct research as a part of the lab. Because more undergraduate students take lab courses than do experimental research with faculty members, innovative advanced labs have the potential to get more undergraduates excited about pursuing further studies in physics and related areas.
On the occasion of the 2010 Gordon Research Conference on Physics Research and Education, we will visit these topics, and discuss, deliberate, and argue about what works and does not work, how we assess, and question our die-hard methods. The Conference is an opportunity to have serious discussions about the purpose of laboratories at various levels, the criteria that laboratories should meet to achieve those purposes, and the evidence or need to gather evidence about their effectiveness. It is also an opportunity to discuss the role that labs play in the overall curriculum. We will debate and brainstorm how hands-on experiences at various levels can be structured to provide a bridge between the abstract and the concrete, help students discern the connection between observable events and unobservable properties or interactions that cause them, help them learn to use models to reason about abstract phenomena, and depict and test their own ideas and gain experiential insight into the scientific process. We expect to have vigorous discussions about how experiments can be used to more effectively probe students' thinking and understanding and what types of guidance and support are effective for students engaged in experimentation to help them build a solid grasp of the physics. Most importantly, we will gather to hear new ideas and to take home and adapt to our local environments what we have learned. Technology keeps evolving, and it not only simplifies our task, but it can make learning more effective and efficient if used appropriately. More affordable technology allows the conversion from seminal observations to class demonstrations and teaching laboratories. Evolving science and technology can impact and improve what we teach and how we teach it. As physicists it is our responsibility not only to bring new knowledge to our scientific disciplines, but also to adapt our findings to educating the students that follow us.
As a preview of the Gordon Research Conference we dedicate this issue of the American Journal of Physics to the theme of experimental research and laboratories in physics education. In this issue you will find articles about experimental physics in a variety of modes and topics. Some introduce new experiences at the introductory level. For example, the article by Beichner et al. describes the goals of hands-on activities in the context of an innovative course that focuses on the connection between the microscopic and macroscopic worlds and provides examples of activities that help achieve these goals. Kanim and Subero describe how physics education research can inspire activities that help students learn about the vector nature of force and acceleration. A clever and simple experiment that teaches students research and discovery in a three-hour lab is presented in an article by The contributions to this issue span the rich variety of lab experience that we can offer students. We hope that these contributions foster new ideas and adaptations, and help us innovate our laboratories and experimental demonstrations, which are vital components of physics education. Einstein highlighted the role of experimentation by saying: "In the matter of physics, the first lessons should contain nothing but what is experimental and interesting to see. A pretty experiment is in itself often more valuable than twenty formulae extracted from our minds."
